Some investigators consider small-volume prostate cancer (0.5 ml or less) without Gleason pattern 4/5 elements as clinically insignificant. The objective of this study was to characterize the anatomic distribution and pathologic features of small tumors (aggregate volume of 0.5 ml or less) in whole-mount prostatectomy specimens. Between 1999 and 2003, 371 consecutive patients underwent radical prostatectomy at the Indiana University Hospitals for localized prostate cancer. Patients who received hormonal or radiation therapy prior to the surgery were excluded from the study. A total of 62 specimens with total tumor volume of 0.5 ml or less were identified and included in this study. All specimens were embedded and whole-mounted. Tumor volume was measured using the grid method. The mean age at the time of surgery was 59 years (median, 61 years; range, 37-72 years). The mean preoperative prostate-specific antigen (PSA) was 6.5 ng/ml (range: 0.3-18 ng/ml). The mean prostate weight was 53 g (range: 16-132 g). The mean tumor volume was 0.29 ml (median, 0.35 ml; range, 0.02-0.48 ml). Tumor multifocality and bilaterality were present in 69 and 37% of cases, respectively. Three (5%) had positive surgical margins. The largest tumor was located in the peripheral zone, transitional zone, and central zone in 79, 16, and 5% of cases, respectively. The largest tumor was located in the anterior prostate in 10 cases (16%) and in the posterior prostate in 52 cases (84%). The distribution of Gleason scores was 5 (12 cases, 19 %), 6 (40 cases, 65 %), and 7 (10 cases, 16 %). One case had a primary Gleason pattern 4. None had extraprostatic extension, seminal vesicle invasion, or lymph node metastasis. Small-volume prostate cancers are often multifocal and bilateral, with predilection for the peripheral zone. Of these small-volume cases, 16% had Gleason pattern 4 and might, therefore, be clinically significant.
Prostate cancer is the most commonly diagnosed cancer in men in the United States. 1 With widespread screening for prostate-specific antigen (PSA) supplemented with transrectal ultrasound guided systematic sextant needle biopsy, many more prostate cancers have been diagnosed. In all, 30-40% of men older than 50 years have prostate cancer, but only 8% of cancers become clinically significant. 2 Small-volume prostate cancers (0.5 ml or less) without elements of Gleason grade pattern 4 or 5 are not thought to be clinically significant. [2] [3] [4] [5] [6] [7] [8] [9] [10] However, tumor volume and other parameters, especially Gleason score, are closely related. Since many prostate cancer deaths occur more than 10 years after the initial diagnosis, 11 the biological behavior of small-volume prostate cancer, which some consider to be clinically insignificant, may become important in patients with a relatively long postdiagnosis life expectancy. In a study of 223 patients with initially untreated early-stage prostate cancer, Johansson et al 11 found a significant acceleration in the recurrence and mortality rates after 15 years of follow-up. It is not known how these findings relate to small-volume prostate cancers or cancers detected by PSA screening; however, the pathologic characterization of small-volume prostate cancer may help to clarify these issues.
Recognition of clinically significant prostate cancer is important for patient management. Extensive studies have been performed to identify clinically significant cancer using multiple clinical and pathologic parameters, including biopsy information, tumor volume, serum PSA level, PSA velocity and density, free/total PSA ratio, and patient's age at diagnosis. 3, 4, 12, 13 Some authors consider tumor volume to be the single most important factor in predicting cancer progression. 14, 15 As there is little information about the anatomic distribution and pathological features of smallvolume prostate cancer, we sought, in this study, to characterize these parameters in small-volume tumors (total volume 0.5 ml or less) in whole-mount prostatectomy specimens.
Materials and methods
From 1999 to 2003, 371 patients underwent radical prostatectomy for clinically localized prostate cancer at the Indiana University Hospital. A total of 62 patients with total tumor volume of 0.5 ml or less were identified and included in this study. None had hormonal or radiation treatment prior to the surgery. Serum PSA was determined using the DPC chemiluminescent assay (Diagnostic Products Corp., Los Angeles, California, USA). This research was approved by the Indiana University Institutional Review Board.
Each radical prostatectomy specimen was totally embedded and processed by the whole-mount method as previously described. 16, 17 Each prostate was weighed, measured, inked, and fixed in 10% buffered neutral formalin. After fixation, the apex and base were amputated and serially sectioned at approximately 3-5 mm intervals in the vertical parasagittal plane. The seminal vesicles were sectioned parallel to the junction of the prostate and submitted entirely for examination. The remaining prostate was serially sectioned perpendicular to the long axis of the gland from the apex of the prostate to the tip of the seminal vesicle, and whole-mount blocks were prepared. All slides were reviewed by a single urologic pathologist (LC) without knowledge of patient information. Total cancer volume was determined by the grid method and was the sum of the volume of individual cancer foci. [18] [19] [20] Grading was performed according to the Gleason system. 21 Surgical margins were considered positive if cancer cells were in contact with the inked margin. 22 The 1997 TNM (tumor, node, metastasis) system was used for pathologic staging. 23 The 1997 TNM criteria were used rather than the 2002 criteria because of the extreme rarity of 2002 pT2b tumors. In our previous study, we found that a true pT2b tumor probably does not exist. 24 
Results
Of the 371 patients who underwent radical prostatectomy for localized prostate cancer at the Indiana University Hospital between 1999 and 2003, 62 patients (17%) had small-volume prostate cancer (tumor volume o0.5 ml). Patient characteristics are shown in Table 1 . The mean age at the Pathologic characterization of small-volume prostate cancer L Cheng et al time of surgery was 59 years, ranging from 37 to 72 years. The mean preoperative serum PSA level was 6.5 ng/ml (range: 0.3-18 ng/ml). Seven patients (11%) had preoperative serum PSA level 410 ng/ml. All the 62 specimens were totally embedded and whole-mounted. The mean prostate mass was 49 g, ranging from 16 to 122 g. The mean tumor volume was 0.29 ml (median, 0.35 ml; range, 0.02-0.48 ml). In all, 20 specimens had tumor volumes of less than 0.2 ml, and 42 specimens had volumes of 0.2-0.5 ml. The tumors were often multifocal (69%) and bilateral (37%) (Figure 1 ). Three (5%) had positive surgical margins (two in the left posterior and one in the right posterior region of the prostate), probably due to capsular incision, since none of these patients had extraprostatic extension. The largest tumor was located in the peripheral zone, transitional zone, and central zone in 79, 16, and 5% of cases, respectively. The largest tumor was located in the anterior prostate in 10 cases (16%) and in the posterior prostate in 52 cases (84%). The distribution of Gleason scores was 5 (12 cases, 19%), 6 (40 cases, 65%), and 7 (10 cases, 16%). One case had a primary Gleason pattern 4; nine had a secondary Gleason pattern 4. None of the cases had Gleason pattern 5 components. The mean tumor volume for the 12 tumors with a Gleason score of 5 is 0.32 ml (median, 0.39 ml; range, 0.06-0.46 ml). The mean tumor volume for the 40 tumors with a Gleason score of 6 was 0.26 ml (median, 0.31 ml; range, 0.02-0.48 ml). The mean tumor volume for the tumors with a Gleason score of 7 was 0.43 ml (median, 0.45 ml; range, 0.35-0.48 ml). None had extraprostatic extension, seminal vesicle invasion, or lymph node metastasis.
Discussion
Tumor volume has been considered to be one of the most important prognostic factors for prostate cancer. The clinical significance of small-volume (less than 0.5 ml) prostate cancer is controversial, although some consider small-volume cancer to be either clinically insignificant or minimally significant. In our study, we showed that even in smallvolume prostate cancer, some specimens already had some pathological features indicative of a poor prognosis. Ten specimens (16%) contained Gleason pattern 4 components.
Prostate cancer is a progressive disease. As the tumor volume increases, so does the malignant potential. In 1986, McNeal et al 25 found that only patients with large-volume prostate cancer (larger than 4 ml) with a Gleason pattern of 4 or 5 metastasized. Several other studies also found that metastasis was more likely to occur in patients with a large volume of prostate cancer. 14, 26 Nevertheless, factors other than tumor volume must also be considered. According to the mathematical model proposed by Dugan et al, 12 the cancer volume doubling time, patient's age, and Gleason score all must be taken into account in addition to tumor volume. Preoperative PSA levels and the anatomic distribution of the cancer are other variables that should be considered.
In general, the concept of tumor doubling time and its accurate measurement for prostate cancer are controversial issues. The tumor doubling time is difficult to predict. Several studies have suggested that it is between several months and 4 years. 27, 28 If the tumor volume doubling time were three years, patients 60 years or younger with tumor volumes of 0.5 ml might be likely to develop clinically significant prostate cancer based on the average life expectancy. If tumors have higher Gleason scores, the potential for metastasis may increase and these patients may present with clinically significant prostate cancer sooner. 12 Johansson et al 11 studied 223 patients with early, localized prostate cancer who were managed by watchful waiting rather than undergoing definitive treatment at the time of diagnosis. These patients were followed for a mean observation period of 21 years. Most had an indolent course for the first 10 to 15 years of follow-up; however, there was a significant decrease in cumulative progression-free survival, survival without metastasis, and prostate cancer-specific survival during the 15-21 year follow-up period. Although tumor volume could not be assessed in this study, approximately half were clinically stage T0. In our patient population, about one-third of these patients are less than 60 years old. The vast majority are 65 years old or less (76%). Those small high-grade cancers detected in the current study would most likely progress over time. Considering the young age of our patient population, it is reasonable to predict that some patients may develop recurrent disease Pathologic characterization of small-volume prostate cancer L Cheng et al after radical prostatectomy. It is not uncommon for small prostate cancers to arise de novo as high grade lesions. Epstein et al 29 examined 720 individual tumor foci and showed only a weak correlation between tumor volume and Gleason grade. Of 106 peripheral tumors with some Gleason pattern 4 or 5 components, 48 (45%) were less than 1 ml in volume. Therefore, prostate cancer can exhibit invasive potential when relatively small. For Gleason scores of 6 or below in small-volume cancers, the tumor's natural history is more unpredictable.
Eradication of cancer in its early stage offers the best chance for reducing cancer morbidity and mortality. Our findings may have important implications for future cancer prevention and detection strategies. We found that the majority of smallvolume prostate cancers are multifocal, often involving both sides of the prostate. These tumors are located predominantly in the peripheral zone (79%) and posterior aspect (84%) of the prostate. These data suggest that prostatic carcinogenesis may be attributed to a field effect, supported by recent molecular evidence that multiple prostate cancers arise independently. 30, 31 Our finding of frequent multifocality and bilaterality in small-volume prostate cancer is important for this reason. The fact that these patients have developed multifocal tumors even with a very low total tumor volume suggests that the field cancerization mechanism of carcinogenesis is already in effect 30, 31 and that other tumors will likely arise in the future if these cancers are left untreated. Based on our findings and those of Epstein et al, 29 it is not unreasonable to speculate that some of these future tumors might contain high-grade foci. It is also assumed that existing small-volume tumors will themselves grow in size and progress with time if left untreated. Using the current American Joint Committee on Cancer (AJCC) TNM staging classification, 32 the small-volume prostate cancers in the current study with bilateral foci would be classified as pT2c. This relatively high stage for such a lowvolume cancer highlights one of the major areas of controversy and uncertainty with the current staging system, the subclassification of pT2 tumors. In a recent study of a large series of whole-mount prostatectomy specimens, we could not identify any tumors that fulfilled the criteria for classification as a pT2b tumor (occupying greater than one-half of a single lobe without involvement of the other lobe), leading the authors to question whether this subclassification of prostate tumor (pT2b) actually exists. 24 Djavan et al 33 showed statistically significant differences between those patients with unifocal and multifocal disease with respect to preoperative PSA density of the transition zone, free/total PSA, as well as percentage of patients with organ confined disease. Multifocal prostate cancer has been shown to be associated with higher grade, stage, and recurrence rate than unifocal prostate cancer and may be a predictor of cancer recurrence and, therefore, of cancer-specific survival. 33 While we acknowledge that the current study could be enhanced with either survival or PSA follow-up data, the postoperative follow-up period is of insufficient length for meaningful conclusions to be drawn. In addition, even with a long follow-up period, the natural course of these small-volume cancers could not be assessed as each patient in our study underwent definitive treatment (radical prostatectomy) rather than taking a more conservative management approach. It will, however, be important to compare outcomes among the patients with and without Gleason pattern 4 elements once adequate follow-up can be achieved. Recent studies suggest that the presence of high-grade components (Gleason pattern 4 or 5 tumor) may ultimately dictate the final clinical outcome in prostate cancer patients who underwent radical prostatectomy for cure. [34] [35] [36] The purpose of this study was to analyze the pathologic characteristics and anatomic distribution of small-volume prostate cancers. We can only speculate as to how our findings of frequent multifocality and bilaterality and the finding of occasionally high Gleason grades will impact actual clinical behavior.
In summary, small-volume prostate cancers are often multifocal and bilateral, with predilection for the peripheral zone. Of these small-volume cancers, 16% had high Gleason grades and might be considered clinically significant if left untreated. Nonetheless, long-term clinical follow-up is warranted to determine the outcome differences among patients with and without small-volume prostate cancer.
